INTRODUCTION
The present work constitutes part of a wider effort aiming at the mechanical characterization of the natural building stones used by ancient Greeks for the construction of some of the most important monuments of the classical antiquity. Among these stones the Pentelicon marble is perhaps the most important one since it was used for the construction of the Parthenon Temple on the Acropolis of Athens.
The ambitious project for the conservation and restoration of the Temple, in progress today, demands deep knowledge of the mechanical properties of the material used for the construction of patches for damaged structural elements or the reconstruction of destroyed ones, since among the first priorities of the experts working for the project is the mechanical compatibility of the authentic and the substitute material.
Experience has indicated that the most suitable substitute material is the white marble quarried from the Dionysos Mountain very close to the Penteli Mountain quarries used by ancient Athenians.
The mechanical characterization of rock-type materials is by no means a conventional experimental task.
Difficulties arise concerning the sampling and the fabrication of the specimens, the gripping system, the lubrication conditions, the measurement of the strains as well as the correct interpretation of the results (considering the size and the shape of the specimens which is of paramount importance in the case of geomaterials). In the case of Dionysos marble this is further complicated since it is of orthotropic nature and 1 Vol. 16, Νos. [1] [2] 2005 Notched Marble Specimens Under Bending its constitutive law deviates from the purely elastic one.
The aim of the present paper is the determination of the stress and strain fields developed in prismatic beams simulating the architraves (epistyles) of the Parthenon Temple, which are loaded in bending. They are short beams (their aperture is sometimes lower than four, the validity limit of the Bernoulli-Euler bending theory) and most of them are transversely cracked. It is clear that an analytic 3-d solution of the 3PB problem of cracked marble beams is not possible. Thus, the main features of the stress and strain fields developed are studied here numerically in 2-d, the crack is modeled as a notch of finite width and semicircular crown and the material is modeled as linearly elastic-perfectly plastic obeying a parabolic Mohr-Coulomb failure criterion. The validity of the assumptions is checked by comparing the results with those of a series of 3PB tests with specimens made from freshly quarried Dionysos marble.
NUMERICAL ANALYSIS

Geometrical considerations
The 3PB test was modeled in 2-d space in the MSC.Mentat front-end program and it was solved by the MSC.Marc Finite Element Analysis program. The dimensions of the model matched the respective ones of the specimens, which were used for the experimental work. Also, node positions were set to coincide with the points where the strain gauges were bonded, in order to achieve a direct comparison between the numerical and experimental values of the strains. The length of the specimen was 42 cm, its height was 10 cm, the distance between the supporting metallic cylinders was 40 cm, while their diameter was 7 cm (Fig.la) . The length of the notch was 1 cm and its crown was semi-circular of diameter 0.5 cm (Fig.lb) . The model consisted of 1249 plain strain elements and 1218 nodes. 
Material models and boundary conditions
To fully simulate the behaviour of the beam during bending, both the marble specimens and the cylinder steel were modeled. Marble was modeled as an elastoplastic material using a parabolic Mohr-Coulomb failure criterion. The parameters of the criterion were determined through calibration testing and their values were found equal to σ =2.32 kN/cm 2 and β=0.061 for the yield condition:
The modulus of elasticity of the marble was set equal to 8450 kN/cm 2 and its Poisson's ratio was set to v= 0.26. Steel was modeled as a linearly elastic material with E=21000 kN/cm 2 and v=0.3.
Contact elements were introduced to model the interface between steel and marble. Contact for the bottom rollers was achieved through seven common nodes between the steel cylinders and the marble. The top roller did not share any nodes with the specimen. The friction coefficient was set equal to 0.4 III. In addition, the centers of the supporting cylinders were fixed for both horizontal and vertical displacements ( Fig.2a) while the loading cylinder was fixed only against horizontal displacement (Fig.2b) .
Results of the numerical analysis
A maximum load of 17.5 kN, equal to the average value of the load that caused fracture in more than ten identical specimens subjected to 3PB, was applied on the central cylinder in ten linear steps. For every load step, displacements, stresses and strains were determined for all nodes. The distribution of axial and transverse strains along the longitudinal line passing from the tip of the notch is plotted in Fig.3a , for the ultimate load of 17.5 kN, while Fig.3b presents the variation of the stress tensor components along the same line and for the same load.
The catalytic influence of the notch on the strain field is evident from Fig.3a . The maximum value of the axial strain developed is in the order of 250 μ8, very close to the axial strain at failure, which was determined from a series of direct tensile tests /4/ equal to about 225 μ5. It is thus indicated that, at a first approximation, a critical strain criterion could be used for a rough estimation of the safety of notched epistyles. At the central section their value reaches only -90 μ5. However, the most noticeable point is the development of significant transverse strains, which, as one approaches the central section, even exceed in magnitude the axial ones. It should also be noted, that along the height of the central section both the transverse and the axial strains are negative. This is, obviously, due to the influence of the punch, which, as shown in Fig.4a , attenuates rapidly as one moves away from the central section. Similar observations can be made for the stress variation (Fig.4b) . The most important point, however, is the development of significant shear stresses all along the length of the beam, which at the central section reach values equal to about one third of the respective axial and transverse ones.
The variation of the von Mises equivalent stress is plotted in Fig.5 for the central region of the beam as well as for the contact region between the specimen and one of the supporting cylinders. It is worth noticing that the magnitude of the equivalent stress at the contact area between the loading cylinder and the specimen is comparable to the respective stress around the notch crown. 
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EXPERIMENTAL RESULTS
The specimens were cut from freshly quarried Dionysos marble. Its physical properties are described in
121.
From a mechanical point of view Dionysos marble appears to be orthotropic. However, a long series of direct tension tests 121 indicated that the properties along the two anisotropy directions are similar to each other and thus in a first approximation it can be considered as transversely isotropic. The axial stress-axial strain curve for direct uniaxial tension is plotted in Fig. 6 (Fig.7) .
The specimens were prismatic beams of square cross section 10x10 cm 2 with dimensions as mentioned in section 2.1. They were subjected to 3PB using a very stiff hydraulic loading frame. The load was applied statically, uniformly along the thickness of the specimens, at a rate not exceeding I0' 6 mm/min. The strains developed were measured with the aid of electrical orthogonal strain rosettes, positioned according to a polar reference system as described in ref. [3] . Additionally, four dial-gauges of sensitivity I0" 4 cm were placed at the lowest side of the beam at distances equal to 1, 2.5, 4.5 and 7.5 cm from the mid-section of the beam, for the measurement of the deflections. 
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of the strain field due to the point load and the existence of the notch to become evident. Fig.8 also shows that both the axial and transverse strain distributions exhibit a strongly nonlinear variation. This is more evident in the case of the transverse strains. However, it must be clarified at this point that the experimental results in the immediate vicinity of the notch crown are to be accepted with some suspicion since the strains recorded correspond to values even exceeding the critical strain at fracture under direct tension. Obviously, at the specific load level the specimens were already cracked, at least locally. Additional experimental results for the strains and the deflections will be presented in the next paragraph together with the respective results of the numerical analysis.
DISCUSSION AND CONCLUSIONS
Comparison between numerical and experimental results
In Fig.9 the deflection of the lower edge of the beam is plotted, as calculated by the numerical study, for a load of 17.5 kN. In the same figure the respective experimental results are plotted, as obtained from the dial gauges. It is clear that the numerical results predictions are slightly, but systematically, higher from the experimental ones. However, the maximum discrepancy is less than 8%, which is very encouraging considering that the anisotropic nature character of Dionysos marble was not taken into account.
The predicted distribution of the strains is presented in Fig. 10 . In this figure the polar variation of the radial strain, ε^, around the crown of the notch, is plotted along a semi-circle of radius r=25 mm, which is 
Conclusions
The behaviour of short Dionysos marble beams, subjected to 3PB was studied numerically and experimentally. Contact elements were introduced in order to simulate better the phenomena in the vicinity of the (Fig. 12) although changes of the sign are observed due to the combined influence of the notch and the Poisson effect. In general, it can be said that the numerical results approach very well the experimental ones concerning both the deflection and the strain field. Some discrepancies observed are attributed to the laminated nature of Dionysos marble, not taken into account in this study, which strengthens the specimens in the transverse direction. The problem is currently studied using orthotropic numerical models /3/. Preliminary results are encouraging, supporting the above assumption concerning the influence of anisotropy.
